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(54) Metal chelate forming peptides and use thereof 

(57) The invention provides a metal chelate forming 
peptide having an amino acid sequence of three amino 
acid residues represented by: X1 -X2-Cys, wherein X1 
represents an amino acid residue other than Cys resi- 
due; X2 represents an amino acid residue other than Cys 
residue and Pro residue; functional groups at the N-ter- 
minus, C-terminus and side chain may be substituted 
with protecting groups; and each of the amino acid res- 
idues may be any of D-form and L-form. Further, the 
invention provides a complex of the peptide with a phys- 
iologically active peptide, protein or other substance; a 
labeled reagent obtained by labeling the peptide or the 
complex with a metal radionuclide; and a radiodiagnostic 
and radiotherapeutic composition comprising the metal 
radionuclide-labeled reagent. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a metal chelate forming peptide and use thereof. More particularly, the present 
invention relates to a stable metal chelate forming peptide which can provide a metal radionuclide-labeled physiologically 
active peptide, protein or other substance useful for radiodiagnostic and/or radiotherapeutic agents. The metal chelate 
10 forming peptide is bound to a physiologically active peptide, protein or other substance such as a peptide having affinity 
for a focus site in a mammalian body, to form a complex which is used as radiodiagnostic and/or radiotherapeutic agents. 

Description of the Related Art 

15 As amino acid sequences capable of forming chelates with metal radionuclides, there are known Lys-Cys-Thr-Cys- 
Cys-Ala (Linda C. Knight, J. Nucl. Med., 35 (2), 282-288, Feb. 1994) and Cys(Acm)-Gly-Cys(Acm) (DEAN, Richard, T, 
WO 92/13572) and the like. 

Lys-Cys-Thr-Cys-Cys-Ala contains many Cys residues having a mercapto group in the molecule, and hence tends 
to readily form intramolecular or intermolecular disulfide bonds. Accordingly, the peptide requires a very careful handling 
20 when used for radiodiagnosis or radiotherapeutics. 

Cys(Acm)-Gly-Cys(Acm) is improved to avoid the formation of intramolecular or intermolecular disulfide bonds 
between mercapto group-containing Cys residues, owing to protecting the mercapto group with an acetamidomethyl 
(Acm) group. On the other hand, the protection of such functional groups, however, invites suppressed reactivity of Cys 
residues, and in turn necessitates an additional heating treatment for labeling the peptide with a metal radionuclide such 
25 as Tc-99m. Furthermore, these peptides encounter the problem that metal radionuclide-labeled peptides tend to cause 
non-specific accumulation in the kidney within a mammalian body. 

Other amino acid sequences which have been also reported as sequences capable of forming a chelate complex 
with a metal radionuclide are Gly-Gly-Cys (S.J. Mather et al., Eur. J. Nucl. Med. (1994) 21, Suppl. S46) and Cys-Gly- 
His, Asp-Gly-Cys, Glu-Gly-Cys, Gly-Asp-Cys, Gly-Glu-Cys, etc. (DUNN, T, Jeffrey, WO 94/26295). These amino acid 
30 sequences are designed to have Asp and Gly adjacent with each other, Gly and Gly adjacent with each other, or Glu 
and Gly adjacent with each other. 

In view of the foregoing state of the art, the present invention provides a metal chelate forming peptide which is 
capable of readily labeling a physiologically active peptide, protein or other substance without any special treatment 
such as heating, to form a labeled reagent stably both in vitro and in vivo, which does not cause non-specific accumulation 
35 in the in vivo distribution, when administered to a mammal. The present invention also provides use of such a metal 
chelate forming peptide in radiodiagnosis and radiotherapeutics. 

SUMMARY OF THE INVENTION 

40 The present inventors have made extensive studies on the property of an amino acid sequence that is required for 
the metal ligand of radionuclide, and found out that a specific amino acid sequence containing Cys residue can readily 
bind to a metal without any particular treatment such as heating, to form a stably labeled complex. 

It is therefore an object of the present invention to provide a metal chelate forming peptide having an amino acid 
sequence represented by: 

45 

X1 - X2 - Cys 

wherein X1 represents an amino acid residue other than Cys residue; X2 represents an amino acid residue other than 
Cys residue and Pro residue; functional groups at the N-terminus, C-terminus and side chain may be optionally substi- 

so tuted with protecting groups; and each of the amino acid residues may be either D-form or L-form. 

Another object of the present invention is to provide a complex of the metal chelate forming peptide with a physio- 
logically active peptide, protein or other substance. 

A further object of the present invention is to provide a metal radionuclide-labeled reagent, wherein a metal radio- 
nuclide is coordinated to the metal chelate forming peptide or the above complex. 

55 A still further object of the present invention is to provide a radiodiagnostic composition, which comprises as an 
active ingredient a metal radionuclide-labeled reagent, wherein any one of Tc-99m, ln-1 1 1 and Ga-67 is coordinated to 
the metal chelate forming peptide or the above complex. 
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A still further object of the present invention is to provide a radiotherapeutic composition, which comprises as an 
effective ingredient a metal radionuclide-labeled reagent, wherein any one of Y-90, Re-186 and Re-188 is coordinated 
to the metal chelate forming peptide or the above complex. 

A still further object of the present invention is to provide a method for diagnosis, which comprises the steps of: 
5 administering to a mammal an effective dose of the above metal radionuclide-labeled reagent wherein any one 

of Tc-99m, ln-1 1 1 and Ga-67 is coordinated; and 

detecting the reagent localized within the mammalian body. 
A still further object of the present invention is to provide use of the metal chelate forming peptide for labeling a 
physiologically active peptide, protein or other substance with a metal radionuclide. 
10 A still other object of the present invention is to provide a method for preparing the metal chelate forming peptide, 
which comprises the steps of: 

binding cysteine or a protected derivative thereof to an amino acid X2 or a protected derivative thereof to form a 
dipeptide of X2-Cys; and 

binding to the thus formed dipeptide an amino acid X1 or a protected derivative thereof. 
15 A still further object of the present invention is to provide a method for preparing the complex, which comprises the 
step of binding a physiologically active peptide, protein or other substance to the metal chelate forming peptide. 

A still further object of the present invention is to provide a method for preparing the metal radionuclide labeled 
reagent, which comprises the step of coordinating a metal radionuclide to the metal chelate forming peptide or the above 
complex. 

20 A still further object of the present invention is to provide a method for preparing a radiodiagnostic composition, 
which comprises the step of mixing the metal radionuclide-labeled reagent wherein any one of Tc-99m, ln-1 11 and Ga- 
67 is coordinated, and a pharmaceutical^ acceptable carrier. 

A still further object of the present invention is to provide a method for preparing a radiotherapeutic composition, 
which comprises the step of mixing a metal radionuclide-labeled reagent wherein any one of Y-90, Re-1 86 and Re-1 88 

25 is coordinated, with a pharmaceutical^ acceptable carrier. 

Throughout the specification, amino acids are expressed by either one letter abbreviation or three letters abbrevi- 
ations. In an amino acid sequence, the N-terminus is shown at the left side, and the C-terminus at the right side. An 
abbreviation within the parenthesis after the amino acid abbreviation means a protecting group for the side chain, unless 
otherwise indicated. In the specification, D-amino acid residue is used to mean an amino acid residue in the D-form. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a radioactive HPLC profile of Ac-KYCAREPPTRTFAYWGQG-NH 2 labeled with Tc-99m. 

Fig. 2 is a radioactive HPLC profile of KYCAREPPTRTFAYWGQG-NH 2 labeled with Tc-99m. 
35 Fig. 3 is a radioactive HPLC profile of Tc-99m-KYCAREPPTRTFAYWGQG mixed with DTPA in 1000-fold amount. 

Fig. 4 is a photograph showing a scintigram of the whole body of a model mouse with tumor, taken 5 minutes after 
Tc-99m-KYCAREPPTRTNAYWGQG was administered to the mouse. 

Fig. 5 is a photograph showing a scintigram of the whole body of a model mouse with tumor, taken 20 minutes after 
Tc-99m-KYCAREPPTRTNAYWGQG was administered to the mouse. 
40 Fig. 6 is a photograph showing a scintigram of the whole body of a model rat with inflammation, taken 30 minutes 
after Tc-99m-KYCGGKTKPREQQYNSTYRVV-NH 2 was administered to the rat. 

Fig. 7 is a photograph showing a scintigram of the whole body of a model rat with inflammation, taken 120 minutes 
after Tc-99m-KYCGGKTKPREQQYNSTYRVV-NH 2 was administered to the rat. 

45 DETAILED DESCRIPTION OF THE INVENTION 

The metal chelate forming peptide of the present invention comprises three amino acid residues having the amino 
acid sequence: X1 - X2 - Cys, wherein X1 represents an amino acid residue other than Cys residue; X2 represents an 
amino acid residue other than Cys residue and Pro residue; functional groups at the N-terminus, C-terminus and side 
so chain may be optionally substituted with protecting groups; and each of the amino acid residue may be either D-form or 
L-form. 

In the metal chelate forming peptide, Cys residue is unsuitable for the amino acid residue of X1 or X2, since Cys 
residue is not stable due to a tendency of the mercapto group therein to readily form intramolecular or intermolecular 
disulfide bonds. Where X2 is Pro residue, the chelating forming ability of the peptide is precluded so that the labeling 
55 efficiency of the peptide with a metal radionuclide is undesirably reduced. Except for the Cys and Pro residues, all other 
amino acid residues including D- and L-forms, hydrophobic amino acid residues, polar amino acid residues and charge- 
able amino acid residues (both acidic and basic) may be employed as the amino acid residues for X1 and X2. 
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The functional groups at the N-terminus, C-terminus and side chains of the metal chelate forming peptide may be 
substituted with protecting groups. Representative examples of such protecting groups are Boc, Fmoc and an ester 
group which are conventionally used for protecting an amino group and a carboxyl group. 

In the amino acid sequence X1-X2 of the metal chelate forming peptide, it is advantageous to avoid the sequence 
5 of Asp residue and Gly residue adjacent with each other, Gly residue and Gly residue adjacent with each other, or Glu 
residue and Gly residue adjacent with each other. This is because a peptide having a carboxyl group at the side chain 
thereof such as Glu-Gly-Cys is known to be rapidly disintegrated in organs including kidney when administered to a 
mammal and be therefore unstable in a mammalian body. Further, where the amino acid sequence X1-X2 is Gly-Gly 
the sequence has a large spatial latitude and is therefore readily folded in the peptide, resulting in that the peptide is 
10 reduced in the metal chelate forming ability. 

The amino acid residue X1 is preferably an amino acid residue having a free amino group at the a-position thereof. 
Due to the presence of the free amino group at the a-position of X1 , the metal chelating abilities of the metal chelate 
forming peptide and of the complex of the peptide with a physiologically active peptide, protein or other substance can 
be more enhanced. A particularly preferred embodiment is an amino acid residue X1 having a primary amino group (- 
15 NH 2 ) as the free amino group at the a-position thereof. 

According to the present invention, preferred examples of the metal chelate forming peptide: X1 - X2 - Cys, are 
peptides having the following combinations of X1 and X2 sequence: Asp and Tyr residues, Asp and Lys residues, Tyr 
and Gly residues, Tyr and Tyr residues, Tyr and Lys residues, Lys and Gly residues, Lys and Tyr residues, and Lys and 
Lys residues. 

20 It is preferred to choose the amino acid residues for XI or X2 from hydrophobic amino acid residues such as Ala, 
lie, Leu, Met, Phe and Val; polar amino acid residues such as Asn, Gin, His, Ser, Thr, Trp and Tyr; chargeable amino 
acids (both acidic and basic) such as Arg, Asp, Glu and Lys. By choosing suitably the amino acid residues for X1 and 
X2, the main route for the metabolite of the metal radionuclide-labeled reagent, which is prepared by binding the metal 
chelate forming peptide to a physiologically active peptide, protein or other substance followed by coordination with a 

25 metal radionuclide, can be controlled to localize either in the kidney or in the gastrointestinal tract (Gl tract), when the 
reagent is administered to a mammal. Particularly when a specific amino acid residue is appropriately chosen for X1 , 
the metabolite is selectively excreted from a desired organ. For example, when Asp or Lys residue is chosen as the 
amino acid residue for X1, the main route for metabolite excretion of the finally obtained metal radionuclide-labeled 
reagent can be selectively controlled to be localized in the kidney. When Tyr residue is chosen as the amino acid residue 

30 for X1 , the main route of the metabolite excretion can be controlled to be localized in the Gl tract. 

The metal chelate forming peptide of the present invention is bound to a physiologically active peptide, protein or 
other substance to form a complex. When forming the complex, the metal chelate forming peptide may be bound to the 
physiologically active peptide or protein at the C-terminus or N-terminus thereof, or may be inserted into a site optionally 
selected between the C- and N-termini. The complex may also be formed by binding the N- or C-terminus of the metal 

35 chelate forming peptide to other physiologically active substances. When binding the metal chelate forming peptide to 
the physiologically active peptide, protein or other substance, they may be linked with each other through a spacer of 
one or more amino acid residues, functional group(s) or a cross-linking agent. 

Typical examples of the physiologically active peptide, protein and other substance are interferon, cytokines such 
as tumor necrosis factor (TNF); various peptidic hormones and antibodies, complements, adhesion molecules and 

40 enzymes. The physiologically active peptide also includes active center sequence peptides which are selected from the 
sequences in antibodies or adhesion molecules. Additional examples of the physiologically active other substance are 
neurotransmitters such as dopamine, acetylcholine and serotonin; antibiotics such as streptomycin and cephalosporin; 
and prostaglandins. 

As the physiologically active peptides, there are also preferably peptides having affinity for a focus site in a mam- 
45 malian body, e.g., a peptide having affinity for a tumor site, a peptide having affinity for an inflammation and/or infection 
site, a peptide having affinity for a thrombus site, and a peptide having affinity for a cerebral disorders site. As the peptide 
having affinity for a focus site, known peptides may be employed as they are, without any modification. 

An example of the peptide having affinity for a tumor site includes a peptide having the following amino acid 
sequence: 

so AREPPTRTFAYWGQG 

In the above peptide, the amino acid sequence of EPPT is mainly attributed to the affinity for a tumor site. Therefore, so 
long as the EPPT sequence remains, any peptide modified by substitution, deletion or addition of amino acid residue(s) 
may also be preferably used as the peptide having affinity for a tumor site. 

A representative example of the peptide having affinity for an inflammation and/or infection site is a peptide having 
55 the following amino acid sequence: 

KTKPREQQYNSTYRVV 
This peptide may be modified by substitution, deletion or addition of amino acid residue(s) so as not to impair its affinity 
for an inflammation and/or infection site. 
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The metal chelate forming peptide: X1-X2-Cys is bound to the aforesaid physiologically active peptide, protein or 
other substance, and the resulting complex then forms a chelate complex with a metal radionuclide. The chelate complex 
is advantageously utilized as an active agent in a diagnostic or therapeutic composition. 

In the case of the complex of the metal chelate forming peptide with the physiologically active peptide, the complex 

5 may be readily synthesized according to a well known Boc method or Fmoc method, using an automated peptide syn- 
thesizer, e.g., Automatic Peptide Synthesizer of Applied Biosystems Inc. After the complex has been produced on a 
solid resin in the synthesizer, the protecting group is removed from the complex and at the same time, the complex is 
cleaved from the solid resin. Subsequently the complex may be purified by high performance liquid chromatography 
(HPLC) on a reversed phase column. The complex may also be prepared by liquid phase peptide synthesis, or may be 

10 collected from various animal sources. 

The metal chelate forming peptide itself of the present invention comprising the three amino acid residues may also 
be synthesized by the same method as described above. For example, the peptide may be produced by binding cysteine 
or a protected derivative thereof to a solid phase resin, binding thereto the amino acid X2 or a protected derivative thereof 
and then the amino acid X1 or a protected derivative thereof, and finally cleaving the thus prepared peptide: X1 -X2-Cys 

is from the resin. Thus, the metal chelate forming peptide may be prepared in a simple manner. 

When preparing the complex of the metal chelate forming peptide of the present invention with the physiologically 
active protein or other substance, the N-terminus or C-terminus amino acid residue in the metal chelate forming peptide 
is linked in a conventional manner to the terminus amino acid residue of the physiologically active protein or to the 
functional group of the physiologically active other substance. The binding or linkage is effected either via a spacer of 

20 one or more amino acid residues, functional group(s) or a cross-linking agent. 

As stated hereinbefore, the metal chelate forming peptide of the present invention, which is one moiety of the com- 
plex, is preferably positioned in the complex at the N-terminus, and the a-amino group in the N-terminus amino acid 
residue of the metal chelate forming peptide in the complex preferably should remain free. Such a complex has a high 
chelate forming ability. The complex having a higher chelate forming ability can be obtained in a stable form, especially 

25 by selecting, as the N-terminus amino acid residue of the metal chelate forming peptide, an amino acid residue having 
a free primary amino group at the cc-position thereof. 

The metal radionuclide-labeled reagent, which is obtained by coordinating a metal radionuclide to the metal chelate 
forming peptide of the present invention or to the complex of the peptide with the physiologically active peptide, protein 
or other substance, preferably to the complex, may be used as a radiodiagnostic or radiotherapeutic agent. The metal 

30 radionuclide-labeled reagent may be prepared stably in vitro by dissolving the metal chelate forming peptide or the 
complex in physiological saline or in an aqueous buffer solution and then reacting the peptide or complex with a metal 
radionuclide. 

For use in radiodiagnosis, the metal chelate forming peptide or the complex, preferably the complex, is bound to a 
metal radionuclide such as Tc-99m, ln-1 1 1 or Ga-67, and the resulting metal radionuclide-labeled reagent is advanta- 

35 geously employed as a diagnostic agent. 

For use in radiotherapeutics, the metal chelate forming peptide or the complex, preferably the complex, is bound to 
a metal radionuclide such as Y-90, Re-186 and Re- 188, and the resulting metal radionuclide-labeled reagent is desirably 
employed as a radiotherapeutic agent. 

Where the labeling is made with a metal radionuclide such as Tc-99m, Re-186 or Re-188, the labeled reagent may 

40 be prepared in a conventional manner by dissolving the metal chelate forming peptide or the complex of the peptide 
with the physiologically active peptide, protein or other substance in physiological saline or in an aqueous buffer solution, 
adding to the solution a reducing agent such as stannous chloride having an adequate reduction potential, and mixing 
the resulting mixture with a solution of sodium pertechnetate (Tc-99m) or a solution of sodium perrhenate (Re-1 86 and 
Re-188). In the case of ln-1 1 1 labeling, the labeled reagent may be prepared by mixing the peptide or the complex with 

45 a weakly acidic aqueous solution containing ln-1 1 1 ions. In the case of Ga-67 or Y-90 labeling, the labeled reagent may 
be prepared by adding the peptide or the complex to a weakly acidic or weakly alkaline aqueous solution containing Ga- 
67 ion or Y-90 ion. 

Where the metal radionuclide-labeled reagent is provided for use in a radiodiagnostic or radiotherapeutic composi- 
tion, the labeled regent prepared as described above may be purified by HPLC to remove impurities and unreacted 
so pertechnetate ions, perrhenate ions, ln-1 1 1 ion, Ga-67 ion and Y-90 ion, and then provided for use in the composition. 

The radiolabeled reagent of the present invention may be mixed with pharmaceutical^ acceptable carriers to provide 
a radiodiagnostic composition or a radiotherapeutic composition. Typical examples of the carriers include a stabilizer 
such as ascorbic acid and p-aminobenzoic acid; a pH controlling agent such as an aqueous buffer solution; an excipient 
such as D-mannitol; a radiochemical purity enhancer such as citric acid, tartaric acid, malonic acid, sodium gluconate 
55 and sodium glucoheptonate. The radiodiagnostic or radiotherapeutic composition of the present invention may be also 
conveniently provided in a kit form ready for use, together with these carriers. 

The radiodiagnostic or radiotherapeutic composition of the present invention, preferably comprising the metal radi- 
onuclide-labeled reagent obtained by labeling with a metal radionuclide the complex of the metal chelate forming peptide 
with the physiologically active peptide, protein or other substance, may be administered through a conventional parenteral 
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route, e.g., by intravenous injection. The dose may vary depending on various conditions such as the body weight, age 
and disease conditions of a patient, radioactive imaging device used and the like. Taking these conditions into account, 
the radioactive dose which is considered as being appropriate for imaging and treatment is determined. 

When administered to human, the dose of the diagnostic composition comprising the Tc-99m-labeled reagent is in 

5 a range of 37 MBq to 1 1 10 MBq, preferably 185 MBq to 1 110 MBq, in terms of the radioactivity of Tc-99m. In the case 
of the radiotherapeutic composition comprising the Re-1 86 or Re-1 88-labeled reagent, the dose is in a range of 37 MBq 
to 18500 MBq, preferably 370 MBq to 7400 MBq, in terms of the radioactivity. Where the therapeutic composition com- 
prising the Y-90-labeled reagent is administered, the dose is in a range of 37 MBq to 3700 MBq, preferably 37 MBq to 
1110 MBq, in terms of the radioactivity. 

10 As stated hereinabove, the amino acid residues for X1 or X2 in the metal chelate forming peptide, X1-X2-Cys, of 
the present invention are chosen advantageously from hydrophobic amino acid residues such as Ala, He, Leu, Met, Phe 
and Val; polar amino acid residues such as Asn, Gin, His, Ser, Thr, Trp and Tyr; chargeable amino acids (both acidic 
and basic) such as Arg, Asp, Glu and Lys. By appropriately choosing the amino acid residue for X1 and X2, the main 
route for the metabolites of the metal radionuclide-labeled reagent can be controlled to localize either in the kidney or 

15 in the Gl tract. That is, the main route for metabolite excretion can be controlled to be localized in the kidney, by selecting 
Asp or Lys residue for X1 , and in the Gl tract by selecting Tyr residue for X1 . Such a selective localization results in rapid 
excretion of unnecessary metabolites at the site for diagnosis so that possible superfluous exposure to the patient can 
be minimized and, at the sametime, the selective localization can eliminate noise at the background in imaging to achieve 
rapid imaging of the site for diagnosis. The metal chelate forming peptide of the present invention comprising the three 

20 amino acid residues is not physiologically active. Therefore, when the complex is formed, the peptide itself does not 
impair the activity inherently possessed by the physiologically active peptide, protein or other substance in the complex. 
This characteristic property is suitable for use in a radiodi agnostic or radiotherapeutic composition. 

Hereinafter, the present invention is described more specifically with reference to the examples below, but is not 
construed to be limited thereto. In Examples 1 through 8, the complex disclosed in PCT/WO 9218534-A: KYCAREPP- 

25 TRTFAYWGQG, which was obtained by binding a peptide containing EPPT having affinity for a tumor site to the metal 
chelate forming peptide (KYC) at the C-terminus thereof, was employed as a basic sequence. In the sequence, the two 
amino acid residues located at the N-terminus site were replaced by various amino acid residues, and Tc-99m labeling 
rates of the resulting complexes were determined to be used as an index for the metal chelating ability of each of the 
chelate forming peptides. 

30 

Example 1 



Synthesis of peptide containing KYC. D-KYC. DYC or YYC 



35 A peptide containing KYC, D-KYC, DYC or YYC at the N-terminus site was synthesized on a pre-loaded resin accord- 
ing to a Fmoc method, using Peptide Synthesizer Model 431 A (Applied Biosystems Inc.). The thus synthesized peptide 
was cleaved from the pre-loaded resin and deprotected by treatments comprising the steps of ice-cooling a mixture of 
9.5 ml of trifluoroacetic acid (TFA), 0.5 ml of ethanedithiol (EDT), 1 .0 ml of thioanisole, 0.75 g of phenol and 1.0 ml of 
purified water, adding 1 0 ml of the mixture to 0. 1 - 0.2 g of the synthesized peptide and reacting them at room temperature 

40 for 1 .5 hour. The obtained peptide was then purified by HPLC under the following conditions: 



45 



Column: 
Elution rate: 

Wavelength for detection: 
Eluent A: 
Eluent B: 

Concentration gradient: 



YMC-Pack R & S-ODS-5-ST, 20 x 150 mm 
8 ml/mi n 
230 nm 

0.1% TFA/purified water 
0.1% TFA/acetonitrile 

0 min (10% Eluent B) -> 15 mins (10% Eluent B) 



75 mins (50% Eluent B) 



The thus obtained main peak fractions were lyophilized and, the fractions having a purity of about 95% as deter- 
so mined by HPLC was subjected to amino acid analysis to determine the amino acid composition. 
The purity was determined by HPLC under the following conditions. 



Column: 
Elution rate: 
55 Wavelength for detection : 
Eluent A: 
Eluent B: 

Concentration gradient: 



YMC-Pack ODS-A, 4.6 x 150 mm 
1 ml/mi n 
215 nm 

0.1% TFA/purified water 
0.1% TFA/acetonitrile 

0 min (5% Eluent B) -> 30 mins (40% Eluent B) 
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The amino acid analysis was performed using PICO/TAG-TM Work Station (Waters Inc.). It was impossible to 
accurately measure Trp and Cys residues since Trp residue degraded by HCI decomposition and the mercapto group 
in Cys residue formed a disulfide bond. The obtained analytical data for the amino acid compositions of the peptides 
were expressed as the number of an amino acid residue per the peptide molecule, and the results are shown below. In 
5 the results, the numerical figure within parenthesis indicates the theoretical value for the number of an amino acid residue 
per the peptide molecule. 

KYCAREPPTRTFAYWGQG = Glx : 2.0(2), Gly : 2.4(2), Arg : 2.0(2), Thr : 2.3(2), Ala : 1.9(2), Pro : 2.2(2), Tyr : 2.1 (2), 
Phe : 0.9(1), Lys : 0.9(1), Cys : -(1), Trp : -(1). 

D-KYCAREPPTRTFAYWG-D-QG = Glx : 2.0(2), Gly : 2.2(2), Arg : 1.9(2), Thr : 2.0(2), Ala : 2.1(2), Pro : 2.1(2), Tyr 
10 : 1.8(2), Phe : 1.1(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

DYC A RE P PTRTFAYWGQG = Asp : 1.0(1), Glx : 2.0(2), Gly : 2.1(2), Arg : 2.0(2), Thr : 1.9(2), Ala : 2.0(2), Pro : 
2.0(2), Tyr : 2.1(2), Phe : 1.0(1), Cys : -(1), Trp : -(1). 

YYCA REP PTRTFAYWGQG = Glx : 2.0(2), Gly : 2.1(2), Arg : 2.0(2), Thr : 1 .9(2), Ala : 2.0(2), Pro : 2.1 (2), Tyr : 2.9(3), 
Phe : 1.1(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

15 

Example 2 



Radiolabeled of the peptide containing KYC. D-KYC. DYC or YYC with Tc-99m 

20 In a lyophilized vial charged with a mixture of 40.3 |amol/300 jnl of glucoheptonate and 130 nmol/50 jxl of stannous 
chloride solution, 1 . 1 to 1 .5 GBq of sodium pertechnetate (Tc-99m) solution was added to make the whole volume 1 .0 
ml. The reaction was carried out at room temperature for 30 minutes while occasionally tumbling the vial. An aliquot of 
the reaction mixture was subjected to electrophoresis on cellulose acetate membrane to confirm whether the radiola- 
beling of glucoheptonate with Tc-99m reached 95% or more. Then, the four peptides obtained in Example 1 were diluted 

25 to have various concentrations in the range from 0.25 to 12.5 nmol/200 \x\. Each of those dilutions was mixed with 200 
\i\ of Tc-99m-labeled glucoheptonate solution to react them at room temperature for 60 minutes. The reaction mixture 
was allowed to be cooled. An aliquot of the reaction mixture was examined for a radiolabeling rate with Tc-99m by HPLC 
under the following conditions. 



30 



35 



Column: 
Elution rate: 

Wavelength for detection: 
Radioactivity detector: 
Eluent A: 
Eluent B: 

Concentration gradient: 



Millipore puresil 5 |mm C18, 4.6 x 150 mm 
1 ml/mi n 
220 nm 

Nal single channel analyzer 
0.1% TFA/purified water 
0.1% TFA/acetonitrile 

0 min (10% Eluent B) -»5 mins (10% Eluent B) 
Eluent B) 



> 35 mins (50% Eluent B) -> 45 mins (75% 



The obtained radiolabeling rates of the four Tc-99m-labeled peptides are shown in Table 1 . The results in Table 
40 1 demonstrate that 90% or more Tc-99m radiolabeling was achieved even when peptides having a low concentration of 
25 jLtg/ml were radiolabeled at a room temperature. 



Table 1 



Radiolabeling rate (%) of the peptides containing KYC, D-KYC, DYC and YYC with Tc-99m (n = 3, 

mean ± standard deviation) 


Metal chelate forming peptide 


Concentration of Sample 




100 |ag/ml 


50 ng/ml 


25 jug/ml 


1 0 jug/ml 


5 jutg/ml 


KYC 


97.810.69 


96.4+0.32 


92.2+1.39 


79.6+6.62 


39.1+1.59 


D-KYC 


99.8±0.11 




97.7±0.33 




10.510.43 


DYC 


100 ±0.00 


98.1±0.45 


90.6±1.95 


88.912.82 


28.716.34 


YYC 


99.4±0.39 


97.9±0.57 


93.4+2.51 


79.411.71 


29.2117.2 
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Example 3 

Metal chelating ability of Ac-KYCAREPPTRTFAYWGQG-NH 2 and KYCAREPPTRTFAYWGQG-NH 2 

5 The two following peptides were evaluated for the metal chelating ability. 

AC-KYCAREPPTRTFAYWGQG-NH 2 : 
wherein the a-amino group of the N-terminus lysine (K) residue was acetylated, and the terminus carboxyl group 
was amidated (NH 2 ). 

KYCAREPPTRTFAYWGQG-NH 2 : 
10 wherein the a-amino group of the N-terminus lysine (K) residue was free, and the terminus carboxyl group was 

amidated (NH 2 ). 

The two peptide were examined for the metal chelating ability with a metal radionuclide. That is, the metal chelating 
abilities were compared in the two peptide, one peptide wherein the a-amino group in the N-terminus amino acid residue 
remains free (not protected), and other peptide wherein the a-amino group is acetylated. 
15 Radiolabeling with Tc-99m and purification of the peptides were carried out in a manner similar to Example 2, except 
for using amidated resin (PAL resin, Millipore) instead of the pre-loaded resin. 

The obtained analytical data for the amino acid compositions of the peptides were expressed as the number of an 
amino acid residue per the peptide molecule, and the results are shown below. In the results, the numerical figure within 
parenthesis indicates the theoretical value for the number of an amino acid residue per the peptide molecule. 
20 Ac-KYCAREPPTRTFAYWGQG-NH 2 = Glx : 2.1(2), Gly : 2.5(2), Arg : 2.0(2), Thr : 1.5(2), Ala : 1.8(2), Pro : 2.1(2), 
Tyr : 1.9(2), Phe : 1.2(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

KYCAREPPTRTFAYWGQG-NH 2 = Glx : 2.1(2), Gly : 2.2(2), Arg : 2.1(2), Thr : 1.6(2), Ala : 1.9(2), Pro : 2.1(2), Tyr 
: 1.7(2), Phe : 1.3(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

The results of the labeled peptides by HPLC analysis are shown in Figs. 1 and 2. The peptide, which retained at 
25 the N-terminus the amino acid residue having the non-acetylated free a-amino group, showed a single radioactivity peak 
(retention time: 17.08 mins, as shown in Fig. 2). On the other hand, the other peptide containing at the N-terminus the 
amino acid residue having the acetylated a-amino group showed two radioactivity peaks (retention times: 17.19 mins 
and 18.01 mins, as shown in Fig. 1). The two peptides were proved to have the metal chelating ability with a metal 
radionuclide such as Tc-99m. 

30 However, the peptide containing at the N-terminus the amino acid residue having the acetylated a-amino group was 
considered not to be excellent in the structural stability and labeling purity, because the radioactivity profile showed the 
two radioactivity peaks. On the other hand, the other peptide showed the single radioactivity peak, suggesting that a 
peptide which contains the N-terminus amino acid residue having a free and primary amino group as the a-amino group 
is highly excellent both in the structural stability and labeling purity. 

35 

Example 4 

Synthesis of the peptide containing KGC. KPC. D-KPC or YKC 

40 The peptide containing KGC, KPC, D-KPC or YKC was synthesized and purified in a manner similar to Example 1 . 
The obtained analytical data for the amino acid compositions of the peptides were expressed as the number of an amino 
acid residue per the peptide molecule, and the results are shown below. In the results, the numerical figure within paren- 
thesis indicates the theoretical value for the number of an amino acid residue per the peptide molecule. 

KGC A REP PT RTFAY WGQG = Glx : 2.0(2), Gly : 3.2(3), Arg : 2.1(2), Thr : 1.8(2), Ala : 1.8(2), Pro : 2.0(2), Tyr : 
45 1.0(1), Phe : 1.1(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

KPCAREPPTRTFAYWGQG = Glx : 2.0(2), Gly : 2.1 (2), Arg : 2.0(2), Thr : 2.0(2), Ala : 1 .9(2), Pro : 3.1 (3), Tyr : 1 .0(1), 
Phe : 1 .0(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

D- KPCAREPPTRTFAYWGQG = Glx : 1.9(2), Gly : 2.3(2), Arg : 1.9(2), Thr : 1.8(2), Ala : 1.9(2), Pro : 3.4(3), Tyr : 
1.0(1), Phe : 1.1(1), Lys : 0.7(1), Cys : -(1), Trp : -(1). 
so YKCAREPPTRTFAYWGQG = Glx : 2.0(2), Gly : 2.2(2), Arg : 2.1 (2), Thr : 1 .8(2), Ala : 1 .8(2), Pro : 2.0(2), Tyr : 2.0(2), 
Phe : 1.1(1), Lys : 1.0(1), Cys : -(1), Trp : -(1). 

Example 5 

55 Radiolabeling of the peptide containing KGC. YKC. KPC or D-KPC with Tc-99m 

The four peptides obtained in Example 4 were labeled with Tc-99m in a manner similar to Example 2. The radiola- 
beling rates of the resulting Tc-99m-labeled peptides are shown in Table 2, together with that of the Tc-99m-labeled 
peptide containing KYC obtained in Example 2. Compared with the samples having a concentration of 100 juig/ml, the 
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results in Table 2 reveal that the peptide having Tyr residue, Gly residue or Lys residue as X2 achieved 98% or more 
radiolabeling rate, whereas the peptide having Pro residue as X2 merely achieved 50 to 70% radiolabeling rate. 



Table 2 



Radiolabeling rate (%) of the peptides containing KYC, KGC, YKC, KPC 
and D-KPC with Tc-99m (n = 3, mean ± standard deviation) 


Metal chelate forming peptide 


Concentration of Sample 




100 jLig/ml 


50 jutg/ml 


25 jutg/ml 


KYC 


97.8±0.69 


96.4±0.32 


92.2±1.39 


KGC 


98.2±0.11 


93.2±1.77 


91.9±4.73 


YKC* 


98.1 


97.6 


96.9 


KPC 


53.6±0.81 


51.0+0.13 




D-KPC 


69.1±1.86 


67.1±0.06 





*n=1 

20 



Example 6 

25 

Stability of Tc-99m-labeled KYCAREPPTRTFAYWGQG 

Tc-99m-labeled KYCAREPPTRTFAYWGQG was prepared according to the methods in Examples 1 and 2. The 
labeled peptide was mixed with DTPA solution in 1000-fold molar amount, and the mixture was allowed to stand for an 
30 hour at room temperature. The labeled peptide was examined for the chelate stability in terms of transchelation rate of 
Tc-99m into DTPA. The transchelation rate was measured by HPLC as described in Example 1 , and the obtained results 
are shown in Fig. 3. As shown in Fig. 3, it was confirmed that even when DTPA was added in 1000-fold molar amount, 
any radioactivity peak other than the single peak (retention time: 17.08 mins) was not observed, and Tc-99m-KYC 
therefore remained stably in the labeled peptide. 

35 

Example 7 

Biodistribution of Tc-99m-labeled peptide containing KYC. DYC or YYC 

40 SD strain rats (Sprague-Dawley) weighing 1 40 to 200 g were anesthetized with sodium thi ©pentobarbital . The three 
Tc-99m-labeled peptides, Tc-99m-KYCAREPPTRTFAYWGQG, Tc-99m- DYC ARE P PTRTFAYWGQG and Tc-99m- 
YYCAREPPTRTFAYWGQG obtained in Example 2, were intravenously administered to the rats in the tail vein at a dose 
of 3.0 to 3.7 MBq. After 5, 30, 60 and 180 minutes, the rats were sacrificed to be subjected to a radioactive distribution 
analysis in each organ using Nal single channel analyzer. The results are shown in Tables 3, 4 and 5. 

45 



50 



55 
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Table 3 



5 


Biodistribution of Tc-99m-DYC peptide (upper value: % ID/organ, lower value: 
% ID/g) (n = 3, mean ± standard deviation) 




Organ 


After 5 min 


After 30 min 


After 60 min 


After 180 min 




Liver 


2.31±0.06 


1.20±0.11 


0.56±0.17 


0.16±0.02 


10 




0.33±0.05 


o.iato.oi 


0.10±0.03 


0.03±0.00 


Small intestine 


2.42±0.18 


2.83±0.53 


4.18±1.35 


4.54±0.59 






0.33±0.03 


0.44±0.10 


0.66±0.14 


0.85±0.12 




Large intestine 


1.53±0.21 


0.58±0.16 


0.28±0.06 


0.26±0.03 


15 




0.21±0.02 


0.09±0.03 


0.04±0.01 


0.03±0.01 




Stomach 


0.83±0.06 


0.71±0.09 


0.67±0.07 


0.60±0.20 






0.20±0.03 


0.16±0.01 


0.131=0.01 


0.16±0.06 


20 


Spleen 


0.15±0.00 


0.05±0.01 


0.02±0.01 


0.01±0.00 




0.32±0.03 


0.14±0.03 


0.07±0.02 


0.02±0.00 




Lung 


1.14±0.12 


0.47±0.03 


0.22±0.03 


0.07±0.01 






1.16±0.04 


0.52±0.01 


0.28±0.02 


0.09±0.02 


25 


Heart 


0.33±0.03 


0.10±0.01 


0.04±0.01 


0.00±0.00 






0.53±0.06 


0.17±0.02 


0.07±0.01 


0.01±0.00 




Kidney 


7.60±0.90 


3.93±0.07 


2.09±0.53 


0.6a±0.29 


30 




5.28±0.35 


2.87±0.03 


1.67±0.48 


0.58±0.25 




Whole blood 


16.55±0.89 


4.78±0.56 


2.29±1.01 


0.29±0.18 






1.51±0.08 


0.46±0.06 


0.24±0.12 


0.03±0.02 




Carcass 


54.28±3.30 


22.95±2.87 


8.2412.44 


3.18±2.67 


35 




0.43±0.03 


0.19±0.02 


0.07±0.02 


0.03±0.02 




Urine 


19.15±2.74 


64 ??+3.06 


82.35±4.19 


90.32±3.59 



40 



45 
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Table 4 



5 


Biodistribution of Tc-99m-KYC peptide (upper value: % ID/organ, lower value: 
% ID/g) (n = 3, mean ± standard deviation) 




Organ 


After 5 min 


After 30 min 


After 60 min 


After 180 min 




Liver 


3.63±1.75 


2.8810.56 


1.7710.68 


0.9910.50 


10 




0.58±0.28 


0.43±0.05 


0.2710.12 


0.1510.07 


Small intestine 


2.75±0.78 


3.14±0.65 


3.6at0.16 


2.0at0.48 






0.40±0.09 


0.48±0.12 


0.5310.02 


0.2910.09 




Large intestine 


1.6340.38 


0.5610.08 


0.2410.01 


3.5511.22 


15 




0.23±0.03 


0.1010.03 


0.0410.00 


0.5110.16 




Stomach 


0.65±0.22 


0.4510.14 


0.3610.23 


0.0610.04 






0.27±0.06 


0.1610.05 


0.1310.08 


0.0210.01 


20 


Spleen 


0.33±0.20 


0.1410.06 


0.0910.05 


0.0610.04 




0.82±0.51 


0.3410.15 


0.2010.12 


0.1610.10 




Lung 


1.09+0.52 


0.4510.09 


0.1910.08 


0.07+0.04 






1.10±0.45 


0.4810.07 


0.2210.10 


0.0810.04 


25 


Heart 


0.29±0.08 


0.1210.01 


0.0410.01 


0.01+0.00 






0.49±0.11 


0.2010.02 


0.0610.01 


0.01+0.00 




Kidney 


9.6511.99 


6.8010.84 


5.2210.93 


4.7511.08 


30 




8.06±2.66 


5.3610.31 


3.9710.64 


3.6at0.54 




Whole blood 


17.38±1.58 


6.8511 .68 


2.0610.33 


0.37+0.14 






1.56±0.07 


0.6210.14 


0.1810.03 


0.03+0.01 




Carcass 


50.31±2.82 


25.57+2.55 


8.3911.12 


2.20+1.51 


35 




0.39±0.03 


0.2010.03 


0.1810.03 


0.0210.01 




Urine 


19.4618.85 


55.5514.91 


78.8110.99 


86.01+3.07 



40 



45 



50 
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Table 5 



5 


Biodistribution of Tc-99m-YYC peptide (upper value: % ID/organ, lower value: 
% ID/g) (n = 3, mean ± standard deviation) 




Organ 


After 5 min 


After 30 min 


After 60 min 


After 180 min 




Liver 


7.46±0.52 


3.97±0.23 


1.99±0.37 


0.5910.06 


10 




1.05±0.08 


0.56±0.03 


0.28±0.06 


o.oato.oi 


Small intestine 


4.23±0.63 


25.03±5.42 


37.3513.38 


23.2814.42 






0.50±0.05 


3.00±0.88 


4.81±0.70 


3.00+0.41 




Large intestine 


1.70±0.25 


0.49±0.18 


0.19±0.05 


20.6616.82 


15 




0.22±0.02 


0.07±0.01 


0.03±0.01 


2.12+0.72 




Stomach 


0.87±0.02 


0.6110.67 


0.18±0.08 


0.0410.00 






0.13±0.01 


0.09±0.09 


0.03±0.02 


0.1010.00 


20 


Spleen 


0.30±0.04 


0.15±0.01 


0.11±0.02 


0.03+0.01 




0.70±0.00 


0.36±0.07 


0.25±0.06 


0.0610.01 




Lung 


2.82±0.27 


1.34±0.10 


0.9910.21 


0.3610.06 






3.20±0.37 


1.48±0.31 


1.0210.18 


0.3710.07 


25 


Heart 


0.33±0.02 


0.0910.02 


0.0410.01 


0.0010.00 






o.sato.os 


0.15±0.03 


0.0610.03 


0.01+0.00 




Kidney 


5.76±0.64 


2.38±0.51 


1.8610.79 


0.8710.73 


30 




4.94±0.79 


1.87+0.27 


1.4010.60 


0.6810.62 




Whole blood 


17.6312.89 


4.65±1.30 


1.6110.95 


0.1010.04 






1.63±0.33 


0.41±0.09 


0.1410.08 


0.01+0.00 




Carcass 


54.57±2.67 


22.78±4.44 


8.4612.68 


2.0811 .87 


35 




0.44±0.03 


0.17+0.03 


0.06+0.02 


0.0210.01 




Urine 


11.6313.99 


40.29±1.70 


47.88tt1.42 


52.01+3.89 



The results in Tables 3, 4 and 5 demonstrate that the in yjyo distribution of the Tc-99m-labeled peptides in normal 
rats was remarkably changed with only the difference in the amino acid residue of X1 between the labeled peptides. 
Especially when the labeled peptide had Asp residue or Lys residue as X1 , the peptide was excreted rapidly from the 
kidney, and was excreted at 82% radioactivity to urine even 60 minutes after administered. In contrast, when the peptide 
45 had Tyr residue as X1 , the peptide accumulated at 37% radioactivity in the small intestine 60 minutes after administered. 
Thereafter, the peptide was excreted to feces through the Gl tract. 

Example 8 

so Imaging of tumor using Tc-99m-KYCAREPPTRTNAYWGQG 

A peptide containing KYC at the N-terminus KYCAREPPTRTNAYWGQG was synthesized and purified according 
to the method in Example 1. Radiolabeling with Tc-99m was performed in the same way as in Example 2 followed by 
HPLC analysis. The obtained analytical data for the amino acid composition of the peptide: KYCAREPPTRTNAYWGQG 
55 were expressed as the number of an amino acid residue per the peptide molecule, and the results are shown below. In 
the results, the numerical figure within parenthesis indicates the theoretical value for the number of an amino acid residue 
per the peptide molecule. 

KYCAREPPTRTNAYWGQG = Asn : 1.1(1), Glx : 2.0(2), Gly : 2.1(2), Arg : 1.9(2), Thr : 2.0(2), Ala : 1.9(2), Pro : 
2.1(2), Tyr : 2.0(2), Lys : 0.9(1), Cys : -(1), Trp : -(1). 
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Tumor cells HEp2 (5 x 10 6 cells, Human Epidermoid Carcinoma; ATCC No. CCL 23) were suspended in 1.0 ml of 
medium (Minimum essential medium (Eagle's) with Earle's BSS, 90% fetal bovine serum, 10%), and 100 julI of the sus- 
pension was subcutaneously injected to BALB/C nude mouse (6 weeks age) at the body side. Two weeks after the 
injection, the mouse wherein the implanted tumor grew to about 0.3 g seize was anesthetized with sodium thiopento- 

s barbital, and injected by the Tc-99m-labeled peptide at the tail vein at a dose of 35 to 40 MBq. Five and 20 minutes after 
the injection, the animal was imaged with a gamma camera. The obtained results are shown in Figs. 4 and 5. 

Immediately after the imaging, the animal was sacrificed and examined for the distribution of the radioactivity in 
each organ using Nal single channel analyzer to determine a ratio of the radioactivity in tumor site to the radioactivity 
in muscle site (T/B ratio). Twenty minutes after the Tc-99m-labeled peptide was injected, the T/B ratio showed 4.50 ± 

10 0.71 (n = 3, mean ± standard deviation), and the tumor site was clearly imaged. Such results demonstrate that the metal 
chelate forming peptide KYC of the present invention is useful for stably radiolabeling with Tc-99m the peptide having 
affinity for tumor site: AREPPTRTFAYWGQG (PCT/WO 921 8534-A) in such a way that the pharmacological activity of 
the peptide was retained. 

15 Example 9 

Preparation of Tc-99m-KYCGGKTKP REQQYNSTYRVV-NHo 

Peptide: KYCGGKTKPREQQYNSTYRVV-NH 2 was synthesized and purified in the same way as in Example 1 

20 except for using amidated resin (PAL resin, Millipore) instead of the pre-loaded resin. Then, the synthesized peptide was 
labeled with Tc-99m and analyzed by HPLC in the same way as in Example 2. The obtained analytical data for the amino 
acid compositions of the peptides were expressed as the number of an amino acid residue per the peptide molecule, 
and the results are shown below. In the results, the numerical figure within parenthesis indicates the theoretical value 
for the number of an amino acid residue per the peptide molecule. 

25 KYCGGKTKPREQQYNSTYRVV-NH 2 = Asp : 1.1(1), Glx : 3.0(3), Ser : 0.9(1), Gly : 2.1(2), Arg : 2.0(2), Thr : 2.2(2), 
Pro : 1.0(1), Tyr : 3.2(3), Val : 1.5(2), Lys : 3.0(3), Cys : -(1). 

In a lyophilized vial charged with a mixture of 40.3 |amol/300 jliI of glucoheptonate and 130 nmol/50 jxl of stannous 
chloride solution, 1 .5 to 1 .8 GBq of sodium pertechnetate (Tc-99m) solution was added to make the whole volume 1 .0 
ml. The reaction was carried out at room temperature for 30 minutes while occasionally tumbling the vial. An aliquot of 

30 the reaction mixture was subjected to electrophoresis on cellulose acetate membrane to confirm whether the radiola- 
beling of glucoheptonate with Tc-99m reached 95% or more. Then, 40 nmol/500 jxl of the peptide was mixed with 500 
of Tc-99m-labeled glucoheptonate solution. The reaction was carried out for 20 minutes on a boiling water bath. The 
reaction mixture was then allowed to be cooled. An aliquot of the reaction mixture was subjected to TLC (TLC plate: 
ODS, developing solvent: 0.1% TFA/60% acetonitrile/purified water) to determine the radio-labeling rate with Tc-99m. 

35 As a result, the radio-labeling rate of the peptide was 90%. 

Example 10 

Imaging of inflammation using Tc-99m-KYCGGKTKPREQQYNSTYRW-NH 2 

40 

Staphylococcus aureus 1 0 8 cells were suspended in 1 ml of physiological saline, and 1 00 julI of the suspension was 
intramuscularly administered to SD rats weighing about 220 g at the right calf. After 24 hours, the rat wherein inflammation 
was clearly observed was anesthetized with sodium thiopentobarbital and injected by the Tc-99m labeled peptide: 
KYCGGKTKPREQQYNSTYRVV-NH 2 obtained in Example 9 at the tail vein at a dose of 37 to 74 MBq. Thirty and 120 

45 minutes after the peptide was injected, the animal was imaged with a gamma camera. The obtained results are shown 
in Figs. 6 and 7. Regions of interest were selected from the obtained image to determine a ratio T/B of the radioactivity 
in inflammation site (T) to the radioactivity in normal site (B). The T/B ratio showed 3.26±0.18 (n = 6, mean ± standard 
deviation), and the inflammation site was clearly imaged. The obtained results demonstrate that Tc-99m-KYC of the 
present invention is useful for stably radiolabeling with Tc-99m the peptide having affinity for inflammation: GGKTK- 

so PREQQYNSTYRVV-NH 2 in such a way that the pharmacological activity of the peptide was retained. 

As described in detail hereinbefore, the metal chelate forming peptide of the present invention comprising the specific 
three amino acids of X1-X2-Cys is advantageous in that the peptide enables easy handling without any particular con- 
sideration on the undesired intramolecular and inter molecular disulfide bond formation in the prior art; the peptide may 
be bound to a physiologically active peptide, protein or other substance to form a complex without damaging the activity 

55 of the physiologically active peptide and the like; the peptide enables a stable formation of a radioactive chelate complex 
with a metal radionuclide such as Tc-99m both in vitro and in vivo : and the peptide can provide the radioactivity that 
does not cause non-specific accumulation in distribution in vivo of the finally produced labeled reagent, enabling to 
design a metabolite route for excretion of the labeled reagent as needed or depending upon purpose. 
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Claims 

1. A metal chelate forming peptide having an amino acid sequence represented by: 

X1 - X2 - Cys 

wherein X1 represents an amino acid residue other than Cys residue; X2 represents an amino acid residue other 
than Cys residue and Pro residue; functional groups at the N-terminus, C-terminus and side chain may be optionally 
substituted with protecting groups; and each of the amino acid residues may be either D-form or L-form. 

2. A metal chelate forming peptide according to claim 1 , wherein X1 is an amino acid residue having a free amino 
group at the a-position thereof. 

3. A metal chelate forming peptide according to claim 1, wherein X1 is an amino acid residue having a free primary 
15 amino group (-NH 2 ) at the a-position thereof. 

4. A metal chelate forming peptide according to claim 1, wherein the amino acid sequence of X1-X2 is designed to 
avoid Asp residue and Gly residue adjacent with each other, Gly residue and Gly residue adjacent with each other, 
and Glu residue and Gly residue adjacent with each other. 

20 

5. A metal chelate forming peptide according to claim 1 , wherein X1 is Asp residue, Lys residue or Tyr residue. 

6. A metal chelate forming peptide according to claim 1 , wherein X1 is Asp residue, and X2 is Tyr residue. 
25 7. A metal chelate forming peptide according to claim 1 , wherein X1 is Asp residue, and X2 is Lys residue. 

8. A metal chelate forming peptide according to claim 1 , wherein X1 is Tyr residue, and X2 is Gly residue. 

9. A metal chelate forming peptide according to claim 1 , wherein X1 is Tyr residue, and X2 is Tyr residue. 

30 

10. A metal chelate forming peptide according to claim 1 , wherein X1 is Tyr residue, and X2 is Lys residue. 

11. A metal chelate forming peptide according to claim 1 , wherein X1 is Lys residue, and X2 is Gly residue. 
35 12. A metal chelate forming peptide according to claim 1 , wherein X1 is Lys residue, and X2 is Tyr residue. 

13. A metal chelate forming peptide according to claim 1 , wherein X1 is Lys residue, and X2 is Lys residue. 

14. A complex of a metal chelate forming peptide according to any one of claims 1 through 13, with a physiologically 
40 active peptide, protein or other substance. 

15. A complex according to claim 14, wherein the metal chelate forming peptide is bound to a peptide having affinity 
for a focus site in a mammalian body at the N-terminus or C-terminus thereof, or inserted within the amino acid 
sequence of the peptide. 

45 

16. A complex according to claim 15, wherein the peptide is selected from a peptide having affinity for a tumor site, a 
peptide having affinity for an inflammation and/or infection site, a peptide having affinity for a thrombus site and a 
peptide having affinity for a brain disorders site. 

so 1 7. A metal radionuclide-labeled reagent, wherein a metal radionuclide is coordinated to a metal chelate forming peptide 
according to any one of claims 1 through 13 or a complex according to any one of claims 14 through 16. 

18. A metal radionuclide-labeled reagent according to claim 1 7, wherein the metal radionuclide is Tc-99m, ln-1 1 1 , Ga- 
67, Y-90, Re- 186 or Re-188. 

55 

19. A radiodiagnostic composition, which comprises as an active ingredient a metal radionuclide-labeled reagent 
according to claim 17 wherein any one of Tc-99m, ln-1 1 1 and Ga-67 is coordinated. 
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20. A radiotherapeutic composition, which comprises as an active ingredient a metal radionuclide-labeled reagent 
according to claim 17 wherein any one of Y-90, Re- 186 and Re-188 is coordinated. 

21. A method for diagnosis, which comprises the steps of: 

s administering to a mammal an effective dose of a metal radionuclide-labeled reagent according to claim 17 

wherein any one of Tc-99m, ln-1 11 and Ga-67 is coordinated; and 
detecting the reagent localized within the mammalian body. 

22. Use of a metal chelate forming peptide according to any one of claims 1 through 13 for labeling a physiologically 
10 active peptide, protein or other substance with a metal radionuclide. 

23. Use according to claim 22 for labeling a peptide having affinity for a focus site in a mammalian body. 

24. Use according to claim 23, wherein the peptide is selected from a peptide having affinity for a tumor site, a peptide 
is having affinity for an inflammation and/or infection site, a peptide having affinity for a thrombus site and a peptide 

having affinity for a brain disorder site. 

25. A method of preparing a metal chelate forming peptide according to any one of claims 1 through 13, which comprises 
the steps of: 

20 binding cysteine or a protected derivative thereof to an amino acid X2 or a protected derivative thereof to 

form a dipeptide of X2-Cys; and 

binding to the thus formed dipeptide an amino acid X1 or a protected derivative thereof. 

26. A method for preparing a complex according to claim 14, which comprises the step of binding a physiologically 
25 active peptide, protein or other substance to a metal chelate forming peptide according to any one of claims 1 through 

13. 

27. A method for preparing a metal radionuclide-labeled reagent according to claim 1 7, which comprises the step of 
coordinating a metal radionuclide to a metal chelate forming peptide according to any one of claims 1 through 13 

30 or to a complex according to any one of claims 1 4 to 1 6. 

28. A method for preparing a radiodi agnostic composition according to claim 19, which comprises the step of mixing a 
metal radionuclide-labeled reagent according to claim 1 7 wherein any one of Tc-99m, ln-1 1 1 and Ga-67 is coordi- 
nated, with a pharmaceutical^ acceptable carrier. 
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29. A method for preparing a radiotherapeutic composition according to claim 20, which comprises the step of mixing 
a metal radionuclide-labeled reagent according to claim 17 wherein any one of Y-90, Re- 186 and Re-188 is coor- 
dinated, with a pharmaceutical^ acceptable carrier. 
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